Differential effects of peroxynitrite on human mitochondrial creatine kinase isoenzymes. Inactivation, octamer destabilization, and identification of involved residues.
Creatine kinase isoenzymes are very susceptible to free radical damage and are inactivated by superoxide radicals and peroxynitrite. In this study, we have analyzed the effects of peroxynitrite on enzymatic activity and octamer stability of the two human mitochondrial isoenzymes (ubiquitous mitochondrial creatine kinase (uMtCK) and sarcomeric mitochondrial creatine kinase (sMtCK)), as well as of chicken sMtCK, and identified the involved residues. Inactivation by peroxynitrite was concentration-dependent and similar for both types of MtCK isoenzymes. Because peroxynitrite did not lower the residual activity of a sMtCK mutant missing the active site cysteine (C278G), oxidation of this residue is sufficient to explain MtCK inactivation. Mass spectrometric analysis confirmed oxidation of Cys-278 and further revealed oxidation of the C-terminal Cys-358, possibly involved in MtCK/membrane interaction. Peroxynitrite also led to concentration-dependent dissociation of MtCK octamers into dimers. In this study, ubiquitous uMtCK was much more stable than sarcomeric sMtCK. Mass spectrometric analysis revealed chemical modifications in peptide Gly-263-Arg-271 located at the dimer/dimer interface, including oxidation of Met-267 and nitration of Trp-268 and/or Trp-264, the latter being a very critical residue for octamer stability. These data demonstrate that peroxynitrite affects the octameric state of MtCK and confirms human sMtCK as the generally more susceptible isoenzyme. The results provide a molecular explanation of how oxidative damage can lead to inactivation and decreased octamer/dimer ratio of MtCK, as seen in neurodegenerative diseases and heart pathology, respectively.